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lsosurface  extraction is a colrirnon  analysis and visualization technique for tllrec-dirne~ls  ior)al
sc.a]ar  data.  Marc.]iing (hlt)cs k the Inost cow)rno~lly-used  a]gorit]lm  for fl]lding ~)o]ygona]  rep-
rcm)itatiolls  of isosurfaces  in such data. We extc]ld hflarching  011.)es to produce geometry f o r
data scis that lie in spherical and cylirldric.al coordi]]atc  syskns  as well as show the ste]w for
derivation of tra]isforrilatiolis  for other c.oordi]late  systems. Su C.IL data sets arc very corn]  non
il) the physical scie]lces, and display witlli]] t]leir natural coordi~late system aids visualization
considerably.

]]itroduction

Sca la r  data dis t r ibuted over  a t}ircc-dimwisional mct~llgular space is  a  common type of scicnc.e
data set. Suc.11 da t a  se t s  arc oftcvI arlalyzccl  by filldillg isosurfaccs iIl t he  da t a  and rc)ldcring  tllcm
as Sets of polygo]ls. A  co]n]i~o]i allcl fairly fast a lgo r i t hm to cx(rac.t such  isosurfac.es  is ‘(hlarching
Cubes” [1). lm})rovclncnts  to t}ic al.goritlim  liave hecv! made by several researchers [2, 3].

Afa]]y data sets are distributed over  llclll-rcwta~tg,ular  s])aces;  two very  c.oImno IIly used spaces are.
spllcrica] a.ricl cylilidric,al  (polar) coordillatcs. ‘J’llese  are cspeciaj]y c.omlnon  ill tlic physical scicllces.

‘J’llis wc)rk  was  mc)tjvatcd by tllc Iicccl for a ll~~llti~jrc)jectioll  illtcractivc isosurfac.e  visual iza.tioll
too]  as part of the LinkWinds[4]  (I,inke.d Wi]idows  IIltcractivc l)ata System) software. C u r r e n t l y
l)cing developed u)lder NASA spo]lsorship,  it is all illterac.tive data exploration and visualization
cllvironlncmt f o r  cluickly  detec.tillg trc!llds,  arlomalim,  and c.orre]atio?is.

I)ackground

“h4 arcliilig Cubes>’ treats cla.ta as a set of VOXCIS,  cac.}1 of whicli  has eight data points as its c.orvlers.
WitllilI eacjl  voxcl, a  set  of  t r iangles  rcprwscnts  tl~e isosurface SIIOUIC1  it pass tliroug]i the voxel.
‘J’llesc l)olygoILs  are sllaclecl by pic.killg at each  ve r t ex  o f  t he  triangle  a llorn~al  i~l tile dirm.tioll  o f ’
tllc gradient  of a continuous scalar field i]iferred  from alid ilitcrpolatillg tllc original data. Since
tile t r iangles’  Clld})oints  lied nc)t lie ml the ori~ilial gridljc)illts,  the. aut,liors suggest  using l inea r
illterl}olaticul  o f  g r a d i e n t s  at tile griclpoilits tc] cletcrlliille a collti  Iiuous  gradieut.  F,xpcrie]lce  SIIC)WS
that tliis approach is adequate for most displays. ‘1’his  approach is c.oor(li]latc-illdc~)e]  l{lcllt, hut
without  trallsfornla.tioll produces isosurfaccs  ill rectaligular  coordinates .

Mc)tivation

S o m e  scimltific.  data, wllilc  r egu l a r l y  gricldecl,  is ll]ca.sured  011 a gricl that is IIot i n  r ec t angu la r
cc)ordillates. III l)artic.ular,  Earth allcl astrollolnical c)l.mrvaticms  arc  usual ly takai in s p h e r i c a l
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coordi]latcs. If the scale of t}lc data is S]nall,  rectangular cocmdinatcs  is a good a])proxilnatioll. lf it
is ]aJgc, tlLat loads to distortions, ma,ski]lg  features wllic,ll might be ]Jrolnille]lt  iri the dat,a’s  IIaturaj

coo rd ina t e  systmn. Sciellcc  data sets arc also occ.asicnially  smll ill cyl indrical  coordinates;  Earth
data sets takc]l over a hemisphere arc oftcm most,  }Id])ful displayed i] I a ~)olar  map projection.

lIi order to }Jrocluce isosurface.s  c)f data in cylindrical or spherical coordinate systclns,  we have
cllc)scn to use Ma.rcllillg  Cubes witllili the clata’s  cooldillatc system. We later transforln  the rmultilig
.gec]n~etry il)to the display’s rectangular coordinates, enabling an analyst to view isosurfaccs iri a
variety of native cc)ordina,te  systems.

IVTamlling  Cubes in P o l a r  Coorclinates

l’or ]Jositioll  vec.tc)rs, this is straightforward. I+’o] c.ylilldric.al c.oc~rdillatcs,  we use.

x’ =- p(r) Cc)s(o) (1)

Y’ :.: p(r) sill(f)) (2)

,2’ ~ 2 (3)

wltere cylindrical coordinates are represented  as usual by (r, 0, Z)7’ a]ld rectangular coor-clil)ates  are
rcq)rcsmltcd  as (z’, y’, 2’)7’. p(r) is some trallsforlllatioll  ON T used to ])roduce a ma]).  W’c u s u a l l y
usc  eit}lcw p(r) == COS(T) or p(T)  == {r. Since  a l l  v e c t o r s  arc gcjillg tc) he c.o]um]i v e c t o r s  ( a n d
tlIus pcmt-lnulti]]]y  t i le  various lnatric.e.s  described I)c1ow) we shall IIellc.efort]l  be ]ap,y a~lcl omit  tllc
express tralls])osc.

‘1’rallsfc]rlnillg IIorma]s, llowevm, is somewliat less stlaig}itfc)rlvald. l$c,r~nal  vectors trallsforln
as t]lc invmse tral]sl)osc of the Jacobia]l  of t}lc. c.oordillate trallsforlnation. Moreover, gradients in
])cdar C.c)ordi]lates  are. Ilot  i den t i ca l  t,o tliosc ill rcc.tallgular c.oolcliliat,cs;  tliey a r e

(4)

~’liis  is ])ot ]nucl] cliflment  from the ordillary gradicr]l  irl rectarlgular  coordiltates,  but the 1 /r ter]n
lnattcrs.

‘1’lIc  Jac.obiall  c)f tile c.oorclinate  tralisforma.tioll  above is

,

[

p’ c.es(d) --p sili(~) O
3(C;)  = p’ si][(~)  p c.os(~)  O

0 0 1

w’llcrc p’ is dp(T)/i3r.
‘1’he  inverse tra]ls})cjse  of tliis Jac.ohian  is

(5)

[

j, cc)s(d)  -- j sin(#) () 1(J-1)7’(C) :- ‘-f, si],(~)  - ~ C.C,S(O) O . (6)

(J o 1
‘J’o ])roducc  a normal vector ill cyli]ldric.al  cc)ordi]lates  o]le therefore ]nust clo tile followi])g  three

Ste])s:

1.  ~o]npute tllc pa r t i a l  de r iva t ives  ill tllc data’s  native cc)ordillate systeln,  that, is, c

(%%>%).

2 .  ~om])utc  the  gradient  ill cyli]ldrical coordi]l:ites , usi]lg  equatiml 4, which  is just Inul
tllc 6’ Colnpc)liellt  by 1/7’.
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3. Transform torcctangular  c.oordil]a.tes  usi]]gcc]uatio]] 6.

2’lIis l)rc,cluc.es the following equations for nor]nal vec.tcms

[) j
Nr == ;, Cos(e):; - -  ;; S i l l ( f ? )j i

ATY =, aj aj
~ sill(fl)ji~,  + ~~ c.os(d)~j

Al, =,
C?f

2)2  “

Nflarc+ing  Cubes in Spherical Coorclinate.s

Ilsing lvlarc.l~illg ~ubcs ill spllcric.a]  coc)rdiltates  is si]ni]ar  to usil)g  ]Jc)lar  c.oordinatc. s, but, c)f course,
all t}lc trallsfollllatic)Ils are cliffcmmt  aIld muclI  IIlessicr. We use t h e  spllcric.a]  c,c)orcli)latc  systcnn

(7)

(8)

(9)

Cc)ll)])cnlwts (r, 0, (j).
11’IIc I]a]lsfc)r]natio]l  of pc]sitio]l  vectors we clIc)cm to bc

r’ = 7’ COS(@) shl(~))

Y’ = rsil)(fl)s;n(~~)

2’ = r C’os($t).

‘1’lIQ  gradicuit  in splleriml coordinates is

(lo)
(11)
(12)

‘1’hc  Jac.obiali  of the coordinate transformatic)]l is

[

cos(6)  sin(q+) –r sill(d) sill(~) r cos(d) cos(~)

J(S) z si]l(f?) sill(~,) 7 cc~s(d) sill({,) T sin(~) cos(qt)
C.os(q$) o - rsill(~j)

‘1’lIe invc?rsc  tmllspose  of the Jacobian is

(13)

(14)

(15)

(16)

(17)

(18)

(19)
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Computational Issues

‘J’IIc main problcm  with these expressio]ls occurs at poles  wl)cre  eac.li gecmetric point Inaps one-to-
nlany to data points. If the data set is good, tllcll tile really data pc);nis  will he equivalmlt,  but ;n
l)ractic.e,  that is often not tllc case,

III ]lolar coordinates ,  cme C.all]lot evaluate nomals  at the pole because of tile 1/r terlo. l+~ither
l)ic.k wle c)f tllc data normals a]lcl rotate ;t into the apl)rc)])riate  positio]l or just use “up, ” (0,0,1).

lU s])llclical  coordinates, ihe problems arc si]nilar. If r = O, t}le data mappjng  is ma]~y-to-o]le.
NO ncmlna]  makes sense in tliis case, so either pick OIIC (~)crllaps  UIJ)  or avoid tlie c.elltral  point of the
sphere. At the JNort]l and South l)oles,  si~l({~) =: O and we get anotl[er d;vide I)y zero. Agai~l, wc have
a IIlany-tcbolle  mal)pillg of data to geolnetry,  a]lcl a similar solution to tlie OIIC used for cylindrical
c.oc)rdillates  call  b e  used. I+’or tllc+ SoutlI  })c)Ic:, up  :- (O, O, --1 ). Alterlla.tively, c)ne could just not
evaluate exact ly at the l)cdes; ~Jick spots some small (lista]lce awfiy allcl Somethil)g reasollablc will
be })rc)du  ted.

~~Xal@  C!S

‘J’llc data set USCC1 in them figures was measured by t)je  M;crowave l,ill]b Soul)der,  launched aboard
tlIc Ul~l)m Atlnc]s~]llem  l{me.arcll  Satell i te (U A1{S)[5].  It is a global Illap  of tltc dmlsity of ozone  ;n
tile Earth’s atmc)sl)llerc, and thus is a natural c.allclidate  for disp]ay  ;n spllericzd  c.oorclillates.

‘J’he figures were crcmted u s i n g  t h e  l,i]lkll’i]lds da ta  visualizaticjIl  s y s t e m . Sec
lltt])://twililcy  .jpl.]lasa.gov/  for more informatio)l  C)II I,illk}JTillds,  illc.ludillg  }IOW  tc) get a frm c.o~)y.

Figures  1 ,  2, a]lcl 3 s h o w  isosurfaces of o.zolle c.ollcelltratioli ill tllc l>artli’s a tmosphe re  a t  a
ccuitc)ur  level  of 5.478 l)pm. Figure 1  i s  ill rcxtallgular  c.oordillatcs, Figure  2 ;s ill c.yli]ldrica.l
cc)c~rcl;llates (with the South pole at the c.cmtcr) and Figure 3 is ill s~)llerical  cc~ordinate)s.  l’igure 4
is a set of isosurfac.cx  at difl’erent  contour  levels, set ill s})}lcric.al  c.oordi]latm.

‘l’lie c i r c u l a r  rcgioll  r i gh t  IIcar  t.lle Sout]l  ~)olc is o]ic ill w’llic.11 JIO d a t a
})aislcy-s}la})ecl  feature mte.lldillg up floln the Sc)ut]l l)olc: is tile ozc)lLe llc)le.
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